INTRODUCTION
The frequency of breast reconstruction after mastectomy for breast cancer has increased. Immediate breast reconstruction (IBR) is associated with improved psychosocial recovery, especially when performed at the time of the mastectomy [1] [2] [3] . A study has demonstrated the benefits of IBR, which include improved psychological and aesthetic outcomes [4] .
Adjuvant chemotherapy is a life-saving intervention in selected high-risk breast cancer patients. According to current guidelines, chemotherapy should be initiated within 4-12 weeks after surgery [5, 6] . Previous reports have shown that survival does not differ among patients of whom chemotherapy was initiated within 1, 2, or 3 months after surgery. Delay beyond 3 months was, however, associated with increased disease-specific mortality and overall mortality [7, 8] . One barrier to the use of IBR is the concern that the complications of immediate reconstruction may delay wound healing and initiation of adjuvant chemotherapy [9] . Several studies have been carried out of the potential delay of adjuvant treatment after IBR. However, various publications have also demonstrated that IBR is safe and does not delay the start of adjuvant chemotherapy [4, 10] .
Various types of reconstruction may be performed after mastectomy, but little is known about the impact of the type of IBR on the administration of adjuvant chemotherapy. To determine whether the timing of chemotherapy is affected by immediate reconstruction and the type of IBR, we performed a retrospective study of patients.
METHODS
We obtained data from female breast cancer patients treated by mastectomy with IBR (IBR group) and without IBR (mastec-
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tomy only group) who received adjuvant chemotherapy at the Samsung Medical center between January 1, 2008, and December 31, 2010. We retrospectively collected data including patient characteristics, disease characteristics, treatment details, and treatment outcomes from our institutional electronic patient database and medical treatment records. Details included age at diagnosis, body mass index (BMI), histopathological staging and tumor size, number of positive nodes, date of mastectomy and immediate reconstruction, type of reconstruction, date of removal of drain and discharge, start of adjuvant chemotherapy and wound complications. When the drainage fluid was 30 mL or less in a 24-hour period, it was removed. Patients were staged according to the American Joint Committee on Cancer (AJCC, 7th edition) categories.
All patients underwent total mastectomy (TM) of the affected breast and ipsilateral axillary lymph node dissection (ALND) or sentinel lymph node (SLN) biopsy. In some cases, patients underwent one or more partial mastectomies (PM) before TM, and some had ALND or SLN biopsy at the time of a prior PM. In all patients of the study group, at the time of TM, IBR was performed by a plastic surgeon. The reconstruction types were categorized as deep inferior epigastric perforator (DIEP) flap, latissimus dorsi (LD) flap, and tissue expander/implant (TEI).
The choice of the best flap to use for patients depends on many factors, including body type and breast size, and on the hospital and the plastic surgeon who performs the operation as well as on the patient. In our institution, the plastic surgeons explained to the patients the advantages and disadvantages of each type of reconstruction preoperatively, and the choice was then left entirely to the patient's judgment.
In cases of TEI, expansion is normally performed 2 to 4 weeks after expander insertion and is continued serially 1 to 2 weeks apart until the desired size, at which point overexpansion is performed at up to 20% and continued irrespectively of chemotherapy. The incision should be healing well before subjecting it to expansion. After an additional waiting period of at least 2 months, the expander is then exchanged for a permanent breast implant.
We excluded patients who did not undergo treatment at the Samsung Medical center, who received neoadjuvant (preoperative) chemotherapy, and who delayed their own adjuvant therapy. Patients who participated in other studies associated with adjuvant chemotherapy were excluded from this analysis, since initiation of adjuvant therapy may have been delayed due to assays performed in these studies.
Categorical data were analyzed by chi-square analysis. An independent-sample t-test was used to determine differences in age, BMI, tumor size, number of positive nodes, mean interval to the removal of surgical drains, time of discharge from the hospital and time of initiation of chemotherapy between the IBR group and mastectomy only group. One-way ANOVA was used to compare the characteristics of the three groups with IBR. Probability values of < 0.05 were considered significant. Statistical analyses were performed using PASW Statistics 18.0 software (SPSS Inc., Chicago, USA).
RESULTS
Between January 1, 2008 and December 31, 2010, 1,046 female patients with breast cancer underwent mastectomy at our institution, and 683 of these patients received adjuvant chemotherapy. Nine patients who delayed their own adjuvant therapy and 79 patients who had participated in other studies associated with adjuvant chemotherapy were excluded. In total, 595 patients were included in this study. Of these patients, 43 underwent mastectomy with IBR (IBR group) and 552 patients did not undergo reconstruction (mastectomy only group). In the IBR group, 20 patients received TEI, 9 patients were treated by reconstruction with DIEP flaps, and 14 patients were treated by reconstruction with LD flaps.
The characteristics of the two groups are summarized in Table 1 . The patients in the mastectomy only group were older and more obese than those in the IBR group (p= 0.0001 and p = 0.002, respectively). The patients in the mastectomy only group were more likely to have larger tumors (p< 0.0001), greater numbers of positive nodes (p < 0.0001) and more advanced disease (p= 0.004) than the patients in the IBR group. There were significant differences in the time intervals prior to the removal of surgical drains, discharge from the hospital and start of chemotherapy between the two groups (p< 0.0001, p< 0.0001, and p< 0.0001, respectively) ( Figure 1 ). There was a statistically significant difference in wound complications between the two groups (p< 0.0001) ( Table 1) .
Wound complications include wound dehiscence, infection and skin flap necrosis, seroma, and skin flap demarcation ( Figure  2 ). The most common postoperative complication is seroma (43.5%, 10 of 23) ( Table 2 ). Skin flap necrosis was defined as full-thickness skin loss. Infectionous complications included both those requiring oral antibiotics and treatment in the outpatient setting as well as those requiring hospital admissions for intravenous antibiotic therapy (Table 2 ). There were significant differences in the time intervals prior to removal of surgical drains, discharge from hospital and start of chemotherapy between the patients with and without wound complications (Table 3) .
There were no cases of delay in initiation of chemotherapy of more than 12 weeks after surgery in the two groups. Also, in all patients with advanced (stage III) disease who underwent We performed a subset analysis to determine if the type of reconstruction influenced the start of chemotherapy. The characteristics of the type of reconstructions are summarized in Table 4 . There were no significant differences among the groups for age, BMI, or tumor size. The mean time for the removal of surgical drains for each group was as follows: DIEP flap 8.7 days (range, 6-19 days), LD flap 14.1 days (range, 11-25 days), and TEI 13.2 days (range, 6-30 days). These differences were especially significant between patients receiving DIEP flaps and LD flaps (p= 0.023). The mean time of discharge from the hospital and the start of chemotherapy for each group were as follows: DIEP flap 10.8 days (range, 7-20 days) and 27.1 days (range, 21-40 days), respectively, LD flap 14.6 days (range, 11-25 days), and 36.1 days (range, 18-62 days), respectively, and TEI 15.2 days (range, 9-31 days) and 30.2 days (range, 20-52 days), respectively. These differences were not significant (p= 0.064, p= 0.063). There were differences in the number of positive nodes and wound complications among the groups (p= 0.034, p= 0.002), but there was no significant difference in the timing of initiation of chemotherapy.
DISCUSSION
Since IBR enhances psychological recovery from breast cancer [1] [2] [3] and seems to be oncologically safe [11, 12] , IBR procedures have been widely implemented in oncoplastic surgical practice [13] [14] [15] [16] . IBR is now established as a valuable option for patients undergoing mastectomy. Early fears that this technique would lead to increased rates of local recurrence or difficulty in detecting and subsequently treating recurrence have been dispelled by several published series [17] [18] [19] . The most widely used reconstruction techniques are tissue expanders (later substituted with a permanent implant), or pedicled or free flap procedures [20] [21] [22] .
A number of studies have been carried out on the effects of IBR on the time interval between surgery and the initiation of adjuvant chemotherapy, as a response to the suggestion that undue delay can compromise cancer treatment and consequently, survival [9, 10] . In a study that reviewed the effect of the reconstruction methods (free TRAM and DIEP flaps on the time of commencement of adjuvant treatment), it was demonstrated that there is a delay in the administration of adjuvant treatment in the IBR free flap group compared to patients who did not undergo reconstruction. Patients receiving IBR experienced significant 2-week delays to the initiation of chemotherapy on average compared to the control group [23] . Another study found that in seven of the 28 TRAM IBR patients, their postoperative chemotherapy was delayed due to surgical complications [24] . In a study that reviewed the impact of breast reconstruction on the delivery of chemotherapy, IBR does not appear to lead to the omission of chemotherapy, but it is associated with a modest, but statistically significant, delay in initiating treatment [25] . In contrast, a study demonstrated that IBR did not lead to a delay in the delivery of chemotherapy when compared to conservation surgery or nonreconstructive mastectomy [6] . In our study, the patients in the IBR group were younger than the patients in the mastectomy only group (p= 0.0001). Other studies have recognized the same trend [26] [27] [28] . This likely represents patient preference, with younger patients more actively seeking reconstruction, as well as physician bias, with physicians encouraging younger patients (and less actively encouraging older patients) to have immediate reconstruction. Patients undergoing mastectomy alone were more likely to have large tumors (p < 0.0001), several positive nodes (p < 0.0001) and more advanced stages of the disease (p= 0.004). This probably reflects the fact that patients with advanced disease are required to be candidates for adjuvant radiation therapy, and therefore IBR is often not considered. Recommendations regarding IBR may be influenced by the likelihood that the patient will also require adjuvant postmastectomy chest wall and nodal radiation. Reconstruction may affect the technical delivery of radiation, and radiation may adversely affect the cosmetic results of reconstruction [29, 30] . This concern leads some oncologists to recommend delayed reconstruction for women who are likely to receive radiation. The patients in the mastectomy only group were more obese than those in the IBR group (p= 0.002), but this difference was not significantly correlated with a delay in the initiation of chemotherapy.
There were significant differences in the time intervals for the removal of surgical drains, the discharge from the hospital and the start of chemotherapy, and in the wound complications between the two groups (p< 0.0001 for all factors). There was a correlation between the delay in initiation of chemotherapy and the time for the removal of surgical drains, and discharge from the hospital. This study examined the effects of reconstruction on the timing of the administration of chemotherapy. Although IBR was associated with an increased delay in chemotherapy initiation compared with the mastectomy only group, IBR did not increase the chance that adjuvant chemotherapy would be omitted. Some studies have found no differences in survival between patients given chemotherapy early, compared with those who received treatment up to 12 weeks postoperatively [7, 8] . However, delays over 3 months are associated with diminished relapse-free survival and overall survival [7] . In our series, all of the breast cancer patients who received chemotherapy started treatment within 12 weeks postoperatively. In all patients with advanced (stage III) disease who underwent IBR, chemotherapy was started within 5 weeks of the surgery.
Another aim of this study was to determine whether the type of reconstruction influenced the start of chemotherapy. In one study, half of the patients who underwent IBR with free tissue transfer had their adjuvant therapy delayed by more than 40 days. Although there were no significant differences among the IBR types and mastectomy alone patients, the free tissue transfer subgroup did seem to have a statistically significant increase of 36% in the delay [6] . In this study, subgroup analysis based on type of reconstruction was somewhat limited due to the small numbers of patients in the subgroups, but no significant differences were found in age, BMI, or tumor size between the various types of reconstruction (Table 4) . Meanwhile, although there was a significant difference in the time of the removal of surgical drains between the DIEP flap group and the LD flap group, the mean times of discharge from the hospital and start of chemotherapy for each group did not significantly differ. There were significant differences in the number of positive nodes and wound complications among the groups (p= 0.034, p= 0.002). The rates of wound complication were highest in the LD flap group and lowest in the TEI group. Although the mean time for the start of chemotherapy did not significantly differ, it was longer in the LD flap group than in the other groups.
Finally, in this study, IBR was not associated with a clinically significant delay or omission of adjuvant chemotherapy. However, it was associated with a statistically significant delay in initiating treatment. Therefore, for patients who are at higher risk, the additional delay associated with IBR should be considered. Our data also shows that the type of reconstruction does not affect the delay of the initiation of chemotherapy. This study is limited by its retrospective design and small number of single-center patients in each group, especially the study group. We also were not able to analyze all types of reconstruction.
There is a significant difference in the timing of initiating adjuvant chemotherapy after mastectomy and IBR in comparison to mastectomy alone. However, IBR does not appear to lead to omission of chemotherapy and the difference was not clinically significant. Further, the type of reconstruction used does not affect the timing of chemotherapy.
